Abstract. Phase change random access memory devices have evolved dramatically with the recent development of superlattice structure of Ge-Sb-Te material (GST-SL) in terms of its low power consumption. The phase change in GST-SL is mainly characterized by the displacement of Ge atoms. Here we examine a new phase change method, that is the manipulation of Ge-Te bonds using linearly-polarized femtosecond near-infrared optical pulses. As a result, we found that the p-polarized pump pulse is more effective in inducing the reversible and irreversible displacement of Ge atoms along [111] direction in the local structure. This structural change would be induced by the anisotropic carrier-phonon interaction along the [111] direction created by the ppolarized pulse.
Introduction
Optical manipulation of crystal structure is widely investigated in various kinds of materials. Among them, the optical perturbation using femtosecond laser pulse can lead to excitation of electrons from bonding to antibonding states followed by structural change on sub-picosecond time scales, which suggest the feasibility of THz data processing and storage. However, the required energy is an obstacle for practical applications under present circumstances as such phenomena are typically induced in a range of several mJ/cm 2 of excitation fluence. In this paper, we demonstrate ultrafast manipulation of atomic motion in GeTe/Sb 2 Te 3 superlattice (GST-SL) [1] with rotating the polarization angle of a linearly-polarized femtosecond near-infrared optical pulse with the relatively lower fluence up to 78 μJ/cm 2 and discuss about the driving force of the structural change. Electrical and optical phase-change memory techniques utilizing GeTe/Sb 2 Te 3 pseudobinary tie-line alloy have been widely used in commercial applications including DVDs, Blu-ray disks and electrical memory. Recently, GST-SL has been focused because of its superior energy-efficient storage performance. In GST-SL, reflectivity and conductivity changes are caused by displacement and coordination change of Ge atoms between tetrahedral position (reset-state) and octahedral position (set-state) [2, 3] followed by formation or dissolution of resonant bonding [4] . From this point of view, selective excitation of specific bonding of Ge atoms can affect the dynamics of structural change. In order to realize the selective excitation, we observed ultrafast coherent atomic vibrational motion of Ge atoms employing coherent phonon spectroscopy as a function of the polarization angles of the pump pulse. This is an Open Access article distributed under the terms of the Creative Commons Attribution License 2.0, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
Experiment
The sample investigated was reset-state [(GeTe) 2 /Sb 2 Te 3 ] 20 which was fabricated by alternatively depositing 0.5 nm-thick GeTe layers and 0.5 nm-thick Sb 2 Te 3 layers on a silicon (100) substrate. We employed the optical pump-probe measurement to excite and probe the local atomic motion using optical pulses with 20 fs duration and 850 nm wavelength from a Ti:sapphire laser oscillator as shown in Fig. 1 (a) . The linearly-polarized pump and probe pulses were focused onto the sample surface by a 33.85 mm focal length 60° off-axis parabolic mirror. The transient reflectivity change of probe pulse (ΔR/R) was recorded as a function of pump-probe time delay (τ) at room temperature under ambient conditions. The estimated rise in the lattice temperature is less than 10 K and is adequately below the threshold of thermal phase change. The incident angles of the pump and probe pulses were ≈ 50° and ≈ 40° from the surface normal, respectively. The polarization angle of pump pulse (θ) was varied from 0° (s-polarization) to 180° (s-polarization) via 90° (p-polarization), while that of probe pulse was fixed at 90°. In Fig. 1 (b) , the local structure of a tetrahedrally-coordinated Ge (GeTe 4 ) and the displacement associated with the phase change upon reset-to-set operation are shown. During a reset-to-set operation, Ge atoms are displaced along the [111] direction from a tetrahedrally coordinated position to an octahedrally coordinated position as a consequence of the weaker Ge-Te bonds breaking. Here, [111] direction corresponds to the angle of 45 degrees from the sample normal. Therefore, the p-polarized light is expected to dissociate the weaker bonds and affect the position of Ge atoms. The phase change is discriminable in terms of coherent atomic vibration since the local A 1 mode frequency of the GeTe 4 in the reset-state is 3.84 THz while that of the GeTe 6 in the set-state is 3.68 THz [5] . 
Result & Discussion
In Fig. 2 (a) , the Fourier transformed (FT) spectra of the transient ΔR/R signals obtained with pump fluence of 16 μJ/cm 2 and θ = 0°, 50°, and 90° are shown. As the polarization angle is varied from spolarization to p-polarization, a red-shift of ≈ 0.06 THz as well as an intensity enhancement in the coherent A 1 mode of GeTe 4 are observed. The enhancement of the phonon intensity can be explained mainly by the change in reflectivity due to the polarization angle. However, the red-shift cannot be explained by the increase in phonon intensity, because we have already confirmed that only 0.04 THz red-shift was introduced even when we induced tenfold increase in phonon amplitude by simply varying the pump fluence from 47 to 284 μJ/cm 2 [3] . Hence this result implies that p-polarized pulse affects the position of Ge atoms. XVIIIth International Conference on Ultrafast Phenomena when θ changed from 90° to 180°. For the higher excitation intensity (78 μJ/cm 2 ) measurement, on the other hand, larger softening is observed when θ is varied from 0° to 90° and afterward the frequency never comes back to the original value when θ is increased to 180°. Both of these two results suggest that p-polarized pulse induces reversible or irreversible displacements of Ge atoms from the tetrahedral toward octahedral positions depending on the pump fluence. We attributed the origin of the polarization dependent phase change to anisotropic electronphonon interactions. The p-polarized pulse excitation would generate an anisotropic photo-excited carrier distribution along the SL-axis, in which the weaker Ge-Te bonds are aligned over the spolarized pulse excitation. This anisotropic carrier-phonon coupling causes nonthermal softening of the weaker Ge-Te bonds resulting in the displacement of Ge atoms. The observed reversible softening would correspond to the precursor of phase change, and stronger excitation leads permanent structural change. Note that time-frequency domain analysis elucidates that softening is introduced within ≈ 200 fs after the photo-excita i t on.
